
Part 1: Background Information and Context 
Activity 

Gold and Silver Pennies 

Zinc metal plus sodium hydroxide is used to plate zinc metal on the surface of a copper penny. The sodium hydroxide and zinc metal react to allow 
zinc metal to be formed on the surface of the penny as a coating (plating). If placed in an open flame, the silver penny can be heated to melt the zinc 
and copper together to form the metal alloy bronze which is a golden color.  

 
Suggested NGSS Dimensions to Address (click on the titles to learn more from the K-12 Framework) 

Science and Engineering Practices  Disciplinary Core Ideas  Crosscutting Concepts 
● Asking Questions/Defining Problems 

○ Students can observe the teacher 
performing this activity as a demo, 
record observations, and ask questions. 

● Planning and Carrying Out Investigations 
○ Students could then develop an 

experiment to test their ideas or the 
teacher could develop the experiment, 
and students could conduct it.  

● Modeling 
○ Students could draw an initial model of 

the pennies reacting and then revise it 
after further explorations. To be most 
effective, students should explore other 
examples of single-displacement 
reactions. See below for suggestions.  

● Constructing Explanations/Designing 
Solutions 

○ After students explore different 
chemical reactions, the students can 
explain the demonstration using their 
model. 

 ● PS1.A Structure of matter 
○ 3-5: Matter exists as particles that are too 

small to see, and so matter is always 
conserved even if it seems to disappear. 
Measurements of a variety of observable 
properties can be used to identify 
particular materials. (5-PS1-1, 5-PS1-2, 
5-PS1-3, 5-PS1-4) 

○ 6-8: The fact that matter is composed of 
atoms and molecules can be used to 
explain the properties of substances, 
diversity of materials, states of matter, 
phase changes, and conservation of 
matter (MS-PS1-2, MS-PS1-5) 

● PS1.B Chemical Reactions  
○ 3-5: When two or more different 

substances are mixed, a new substance 
with different properties may be formed. 
(5-PS1-4)  

○ 6-8: Substances react chemically in 
characteristic ways. In a chemical 
process, the atoms that make up the 
original substances are regrouped into 
different molecules, and these new 
substances have different properties 
from those of the reactants. 
(MS-PS1-2),(MS-PS1-5) 

○ 9-12: Chemical processes, their rates, 
and whether or not energy is stored or 
released can be understood in terms of 

 ● Cause and Effect 
○ Events have causes, sometimes simple, 

sometimes multifaceted. A major 
activity of science is investigating and 
explaining causal relationships and the 
mechanisms by which they are 
mediated. Such mechanisms can then 
be tested across given contexts and 
used to predict and explain events in 
new contexts. 

● Systems and System Models 
○ Defining the system under 

study—specifying its boundaries and 
making explicit a model of that 
system—provides tools for 
understanding and testing ideas that 
are applicable throughout science and 
engineering 

● Scale, Proportion, and Quantity 
○ In considering phenomena, it is critical 

to recognize what is relevant at 
different measures of size, time, and 
energy and to recognize how changes 
in scale, proportion, or quantity affect a 
system’s structure or performance. 
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the collisions of molecules and the 
rearrangements of atoms into new 
molecules, with consequent changes in 
the sum of all bond energies in the set of 
molecules that are matched by changes 
in kinetic energy. (HSPS1-4),(HS-PS1-5)  

 
 

Part 2: Lesson Facilitation for Phenomenon 
Teacher Background 

  Silver (Ag), gold (Au), and copper (Cu) are metallic elements. Each of these metals have been used to make sculptures and jewelry for thousands of 
years. Bronze, steel, and brass are all alloys that artists often work with because of their durability and color. Iron and carbon make up steel. Bronze 
is a mixture of copper and tin. Zinc and copper make up brass. Coins, jewelry, and sculptures are all made up of alloys. 
Metals can be damaged when exposed to the environment or to chemicals. A great example is the Statue of Liberty, a copper statue, that has turned 
blue-green. The reason is because the copper in the statue in the statue oxidized from years of exposure to humidity and other elements. The copper 
compounds formed as a result of this is a blueish-greenish color. This is also the case with old pennies. 
   Zinc metal plus sodium hydroxide is used to plate zinc metal on the surface of a copper penny. The sodium hydroxide and zinc metal react to allow 
zinc metal to be formed on the surface of the penny as a coating (plating). If placed in an open flame, the silver penny can be heated to melt the zinc 
and copper together to form the metal alloy bronze which is a golden color.  
    Compounds are formed by combining two or more different elements and compounds have properties that are different from their constituent 
elements. In the case of this activity, the copper and zinc atoms combine to form an alloy. The properties of alloys depend on the metals mixed 
together and their relative proportions. 
    The silver color that is visible on the penny is white brass, not silver metal or pure zinc. Zinc is a metal that is easily oxidized allowing it to transfer 
its electrons to other substances. Copper, in contrast, is not as easily oxidized and, for this reason, it is used as a coinage metal. Up to 1837, pennies 
were made of pure copper. Since then, pennies have been made as alloys.  Between 1864 and 1962, pennies have been 95 percent copper, and five 
percent tin and zinc. The high cost of copper has caused a change in the composition in 1982 to 97.5 percent zinc and 2.5 percent copper 
(copper-plated zinc). For this reason, this experiment works best on pennies that are dated prior to 1982 which have a high copper content. 
Materials 

1. Bunsen burner 
2. 20 mL of 3M NaOH 
3. 0.1 g zinc dust 
4. Evaporating dish 
5. Hot plate 
6. Tongs 
7. 200 mL beaker of water 
8. Pennies 
9. Steel wool 

Procedures 



1. Put zinc dust in the evaporating dish. 
2. Add 20 ml of NaOH solution to the dish on top of the zinc 
3. Set hot plate to medium heat and place evaporating dish on top. 
4. Use steel wool two polish two or more pennies. 
5. After five minutes of heating on the hot plate. Place the clean penny in the solution until it has been fully coated with zinc and 

turns silver. 
6. Remove the penny from the dish with tongs and place it in water. When penny has cooled down, clean it with a cloth to remove 

excess zinc. 
7. To turn it gold, place penny in the flame of the Bunsen burner until it turns gold. (Do not over heat) 
8. Place penny somewhere safe to cool. 

 
Safety Concerns 
It is advised that you wear heat protecting gloves and safety goggles. Sodium hydroxide is caustic and can cause chemical burns; make 
sure that you do not get it in your eyes. Zinc powder is highly flammable. It is recommended that you have a Class D fire extinguisher 
available in case the metal power catches on fire. Make sure that you wash the treated pennies carefully so that traces of sodium 
hydroxide and zinc powder are not on the penny when you heat them in a flame or that they remain on the penny when you give it to 
the children. It is possible to also use a hot plate to heat the pennies to avoid an open flame. 
3-Dimensional Questions 

1. What did you notice during the demonstration? 
2. What did you wonder during the demonstration? 
3. What variables do you believe are important in this activity?  How could you design an experiment to test your hypothesis 

regarding which variables are important in the activity? 
4. What signs do you observe that there is a chemical reaction happening? 
5. How can you discern whether or not the change is chemical or physical? 

5E Model Alignment/Suggestions 

Engage:  
   Consider using this activity as a demonstration and having students ask questions about what they see through a prompt such as 

“Make 5 observations and 3 questions about the following demonstration”. Consider having the students make predictions about 
what is happening with the pennies. 

Explore:  
1. After students have made preliminary predictions and explanations, they could explore the concept further by experimenting 

with other examples of single displacement reactions or compare the results of chemical vs physical changes. This should be 
designed by the teacher and conducted by the students, giving students evidence of physical vs chemical changes so that they can 
go back to the phenomenon with more information on reactions.  

2. Students could also explore the concept of conservation of mass through this demo as well. Often students may think when 
something new is created more mass is also created as opposed to atoms simply recombining. Weighing reactants and products 
is a good way to illustrate this point. 



Explain: 
     After the teacher has helped the students make meaning of their activity through direct teaching, video, or text, the students can  
then explain their learning back to the teacher. Through experience and instruction, students should learn about the differences  
between mixtures and reactions with special attention to the formation of alloys. 
     The students can construct an explanation or write a Claim-Evidence-Reasoning on chemical vs physical(mixtures) reactions  
in order to explain the penny phenomenon. This would also be an appropriate time for students to show their thinking through  
modeling (if they have had instruction on chemical reactions and atomic structure).  
Elaborate: 
1. Students could apply their knowledge to a new situation that involves chemical vs physical (mixtures) changes or could 

predict/model/explain what would happen in a new reaction as far as the atoms recombining or conservation of mass. They 
could test their predictions through an investigation they design and conduct it or simply stop at the design. 

 


